Background: Health-related quality of life (HRQoL) is used as a measure to valuate healthcare interventions and guide policy making. The EuroQol EQ-5D is a widely used generic preference-based instrument to measure Health-related quality of life. Objectives: The objective of this study was to develop a value set of the EQ-5D health states for an Iranian population.
Background
The quality-adjusted life year (QALY) is a paramount instrument to assess the health outcomes of medical interventions in cost-effectiveness research (1) . A preference value set from a sample of populations containing such sets of populations with diverse diseases provides a standard instrument to ensure comparability between outcomes across diseases (2) .
Two types of instruments have been developed to capture the HRQoL. Generic instruments measure the general impact of a disease on overall patient life, which allow the benefits of healthcare to be captured. Another type of instrument assesses the specific dimensions of a disease that may not be reflected by a generic instrument (3) .
One of most widely used generic instruments for the HRQoL is the EuroQol EQ-5D. It has five generic domains: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, which are included in the first part of the instrument (2) . The second part contains the visual analog scale (VAS) of the EQ-5D. The VAS is a scale from 0 to 100 that evaluates patients' health state from the best health state (score of 100) to the worst health state (score of 0) (4) . This instrument as a rating scale is used to capture values given to "societal preferences" around the world (2, (5) (6) (7) (8) (9) (10) (11) (12) .
The VAS of the EQ-5D is mostly used for specific patient groups; however, there are studies in which it is used to elicit value sets from general populations in different developed countries (7, 13) . The valuation of health state can be performed making use of different methods. These methods are the VAS, the time trade-off (TTO), and the standard gamble (SG) method (6) . In this study, we used the VAS method to derive values for the EQ-5D.
Objectives
The purpose of this study was to describe the HRQoL, expressed with EQ-5D dimensions and in mean VAS scores and in mean EQ-5D index values, in the general population, by socioeconomic groups, in Iran.
Patients and Methods

The EuroQol EQ-5D
The EQ-5D defines the level of "mobility" (MO), "selfcare" (SC), "usual activities" (UA), "pain/discomfort" (PD), and "anxiety/depression" (AD) (14) . The response options are no problem with health (score of 1), some problems or moderate problems (score of 2), and severe problems (score of 3). Considering all possible health states, 243 (3 5 ) health states can be obtained (15) . Response options would abbreviate the health states of participants. An abbreviation 12133, for instance, shows a health state with no problems in walking, some problems with self-care, no problems with performing regular activities, extreme pain, and extreme anxiety.
The VAS evaluates the health state in a visual analogue anchored to 100 for the "best health state" at the top and to 0 for the "worst health state" at the bottom (7) . Patients with the same perceived health state by the EQ-5D may assign different values to their health state in this scale.
Health State Valuation
We make use of Dolan et al.'s (5) approach to select health states in this study. Based on this approach, as a minimum set of health states, 43 states are required to allow the value set to be estimated for a population.
All respondents valued 13 imaginary EQ-5D states. These states belong to 8 EQ-5D health states, which are drawn from a set of 40 states. These sets of health states contain severity and "11111," "22222," "33333," "unconscious," and "death" states given to all respondents using the VAS from 0 to 100.
Overall, there are 43 health states, which were divided into 5 groups of health states. Five scenarios were common in all groups and therefore were evaluated by all respondents, and 8 other scenarios are specific. A list of value sets is presented in Table 1 . 
Study Sample
This survey is the cross-sectional study of the Iranian general adult population (18 years of age and older). We select a sample from this population via a stratified probability sampling method. Assuming that around 170 respondents were required to evaluate each health state (16), a total of 870 people were selected for the interview.
Sampling and data collection has three steps. In step 1, the entire population of Tehran was stratified using 22 regions (districts) of the city. The number of subjects assigned per region was in proportion to the population size. Each district is then divided into several fields. In step 2, the data collection fields were randomly selected per district. In step 3, 10 households per field were randomly invited for the interview. Families who were unwilling to participate in the study were replanced by new ones on a random basis.
The study was approved by the ethics committees in the Tehran University of Medical Sciences (number 17591, dated May 1, 2012). All participants signed a consent form before completing the questionnaire.
Data Management and Statistical Analyses
The data were collected in the city of Tehran, Iran from July to November 2013. Eight trained interviewers interviewed the study participants. Two training workshops were conducted by Reza to practically tutor interviewers on how to interview the participants. Workshop lasted for 3 hours during which a detail guide for the interview was given to interviewers using audiovisual materials. A guide contains a basic description of methods for capturing health preferences based on theories of VAS and EQ-5D-specific interviewer's tasks. A number of interviews were simulated to improve interviewers' skills.
The quality of field work was monitored both through direct supervision and cross-examination of 15% of the entire sample size. As such, 120 respondents were re-interviewed by telephone to evaluate the validation of interviews and double-check some of the demographic characteristics, e.g., age, household dimension, and occupational status. No incentives (monetary or non-monetary) were given to the respondents before or after the interviews. All statistical analyses were conducted using STATA SE 12.0.
Valuation Method
Respondents received a copy of the EuroQol instrument with a description of health states. The instrument consists of two pages. Per page, there are also 2 columns. Eight health states are listed on page 1 and six on page 2, which will be valued on a 20 cm thermometer similar to the VAS. Two extreme endpoints represent the "best imaginable health" (score of 100) and the "worst imaginable health" (score of 0). Participants rated the health states by drawing a line from the health state box to a point on the VAS that reflects their value for the health state. Having valued 14 health states, all respondents determined their value for death based on the VAS.
Based on a basic assumption set by the EuroQol EQ-5D (7), a value given to a health state by a respondent is a description of the health state for only one year and quality of life afterwards is not known.
Since the cost utility analysis requires values between 0 and 1 from death to full health, values for the VAS were modified at the patient level. The "best health" (100) was modified to 11111 (full health) and "worst health" to 0 (Death). For the modification, the following formula was applied:
(1)
Where V h is a VAS-adjusted score for a health state h, Sh is a respondent's unadjusted VAS score for state h, S dead is the respondent-assigned VAS score for the health state "death," and S 11111 is respondent-assigned VAS score for a state 11111. Modified VAS values lower than -1 and larger than +1 have been truncated to -1 and +1, respectively (8).
Modeling
We modeled data by introducing responses into appropriate regression models. Since respondents may have different patterns of responses, the heteroscedasticity of responses throughout all health states was checked using the Breusch-Pagan test. Subsequently, we compared the simple generalized least-squares (GLS) regressions with random effects (RE) or fixed effects (FE) models. The GLS regression model and FE models were developed based on Hausman's test.
The number of dependent variables in the regression models was computed as 1 minus the observed rescaled VAS value ranging from 0 to 2, where lower numbers correspond to a higher utility. We investigated several models to find a best fit regression model for our data. A different set of independent variables is therefore investigated where the selection of these variables was based on an evidence of previous research (2, 5, 8-11, 14, 15, 17-22 ). All models were tested and compared regarding the number of incoherent coefficients, the statistical significance of coefficients, the amount of explained variance (R 2 ), the mean absolute error (MAE), and the Akaike information criterion (AIC). MAE is the absolute difference between the observed and the estimated value in each health state. We examined the assumptions of the model using various tests. We reported the results of the model that better satisfy all the criteria specified below and compared them the main effects, the UK model (23) , and the US model (24) . Subsequently, some variables were adopted to account for interactions between different dimensions in an Iranian model, which is further called a final model. Thus, the value y placed on a health state was as follows:
Where β is the vector of coefficients and X is the vector of dummy variables for dimension d at level l, where X dl represents ten dummy variables indicating the presence of either level 2 or level 3 in a given health dimension; d stands for dimension and l for either level 2 or level 3.
The dependent variable (y) in the regression analysis was computed as 1 minus the modified VAS value. It represents the measure of disutility by subtracting the value of a given health state from the value of full health.
The model included the following independent variables: -A dummy variable for level 2 in each dimension (some problems=1; otherwise 0).
-A dummy variable for level 3 in each dimension (extreme problems=1; otherwise 0).
-N2 = 1 if any dimension is at either level 2 or level 3; otherwise 0 (deviation from full health).
-N3 = 1, if any dimension is at level 3; otherwise 0.
-An ordinal variable D1 that represents number of deviations from full health beyond the first (i.e., values ranging from 0 to 4).
-An ordinal variable I3 that represents the number of dimensions at level 3 beyond the first.
-The square of I3 term allowing for non-linearity in an association with the dependent variable.
-The square of I2, an ordinal variable that represents number of dimensions at level 2 beyond the first (5, 11, 17, 24) .
Exclusion Criteria
Respondents were excluded from the dataset when they satisfied the following criteria:
-Completely missing VAS data, -The same value is given to all health states, -< 4 health states valued, -Death ≥ 11111, -11111 and / or death that are/is not valued, and -The number of logical inconsistencies is more than 1 (2, 8, (20) (21) (22) (23) 25) An inconsistency is present when a state that is logically worse is ranked higher than a logically better health state. To clarify more, for a pair of health states, if state 13111 is valued higher than state 12111, respondent expresses a preference for 13111 over 12111. This form of inconsistency is defined as internal inconsistency. However, it is worth noting that a valuation can only be logically inconsistent within the same dimension. If in above mentioned case, respondent has different preferences across different dimensions, ceteris paribus, it cannot be said that 13111 is logically worse than 11121 (8).
Results
In total, 869 respondents participated in the survey. Having excluded 16 participants due to meeting at least one of the exclusion criteria, a total of 853 respondents are included in the valuation sample. The interviews lasted 25 min on average. The most common health state problem is pain/discomfort, with 34.41 % of the sample suffering from this. Anxiety/depression is in second place; 33.37 % of the sample are living with anxiety/depression. The average overall health state value in this study sample based on the VAS is 79.58 (SE = 0.54), ranging between 10 and 100.
Each respondent valued 13 health states (including "unconscious" and "death") using the VAS procedure. The mean values for 42 health states (after the transformation) range from 0.784 for a best observed health state (11121) to -0.07 for the worst observed state (33333). The mean value for the "unconscious" states is -0.167 (SD = 0.82).
The models presented in Table 3 are the best among several models relying on diverse combinations of independent variables. The final model best fits our responses. All parameters made significant contributions to this model. Thus, this model presents a societal tariff for the EQ-5D in Iranian adults. Based on Hausman's test, RE specifications are not presented since the estimates of the FE models are consistent with the sample.
As an example, we calculate the predicted values for state "21232" based on the above formula for the Iranian model (Table 4) . The Iranian model specifications indicate that the differences between no problems and extreme problems (MO3, SC3, UA3, PD3, AD3) are greater than ones representing the difference between no problems and some problems. The respondents ascribe the greatest importance to ''anxiety/depression'' and ''self-care'' among the five health dimensions, indicating that disutility of level 3 in one of these two dimensions is greater than that at any level of other dimensions. Table 5 compares the mean values for the valuations of the 43 health states by the respondents with the predicted value by the final model. As shown, the absolute difference between them is very small. Furthermore, our analysis shows that the sample observed mean values are strongly correlated with the final model value. Given these, such a small difference (0.077) can be disregarded (27) .
Discussion
The present study is the first attempt to elicit population-based value sets for health states in Iran and the Middle East. The research sample consists of the Iranian urban population or households and in respect to Iran's sociodemographic characteristics (26). Thanks to limited resources for recruiting a larger sample of Iranian adults, our elicited values my not be a perfect reflection of value sets in the Iranian adult population.
At level 3, "anxiety/depression" has the highest coefficient, which is followed by "self-care." "Usual activity," "pain/discomfort," and "mobility" are in further ranks. As a general pattern, our predicted values reflect lower values in comparison with the developed countries, such as Belgium, the UK, Spain, etc. (5, 9, 28) . Except MO3, nearly all domains and severity levels highly impact VAS valuations when benchmarked against the UK study (5). All regression coefficients in the final model were statistically significant according to the Wald-type test. The order of these coefficients also differed from those in the UK, Malaysia, and Denmark (5, 8, 22) although the overall value set showed a similar pattern among countries.
In the majority of countries benchmark European counties (such as Germany and Spain) (5, 9, 29) respondents have the least problems in ''mobility'' among the five domains. In contrast, Iranian people are moderately worried about mobility. This worry stems from the perceived lack of a social security system and negative social norms regarding the use of wheelchairs or staying in nursing homes. On the other hand, in most benchmark countries, "usual activities" has the lowest weight in calculating the social valuation of EQ-5D health states, whereas in Iran this dimension is in third place.
Given the absence of an Iranian tariff, the UK value set has been used in Iran before the early 2020s. We compared values sets for Iran and the UK to understand degree to which the UK tariff differs from the Iranian tariff. We observed that the VAS values estimated in this study deviate from the UK. This implies that previous economic evaluations may have provided inaccurate information for Iranian decision makers. Figure 1 compares the valuation from different utilities of selected EQ-5D health states between the European countries and Iran. This comparison shows a strong correlation between the Iranian model and the official model for Europe (r = 0.967, P < 0.0001), UK (r = 0.970, P < 0.0001), Denmark (r = 0.976, P < 0.0001), Spain (r = 0.966, P < 0.0001), and Slovenia (r = 0.958, P < 0.0001), respectively, reported by (5, 8, 11, 19, 30) . We choose these countries because we used a model specification similar to the one used in the corresponding studies in the countries mentioned above. We also directly evaluated a set of health states that are also evaluated in all of these countries. We applied the same exclusion criteria used in other national valuation studies, except for the way in which we dealt with inconsistencies. Inconsistent valuations may occur for two reasons. First, respondents give inconsistent responses. This may occur when they do not understand the valuation task. Second, inconsistencies could also be caused by the difficulty of the VAS practice. Regardless of the reasons, inconsistent values influence the parameter estimates of the regression equation, as they can produce contrary effects to the ones expected. Thus, the exclusion of the inconsistent responses allows a quality dataset and improves the validity of the resulting value set.
The Iranian EQ-5D valuation study differs from the original UK measurement and valuation health (MVH) study, most notably with regard to the sample size and timespan or duration of health states. The UK study has a sample size of 3395 and the health states last for 10 years, whereas our study sample is 869 and lasts only one year. With regard to the number of valued health states, there is a marginal difference. Our study takes 13 scenarios into account compared with 15 scenarios in the UK study.
Health status decreases with age. Women have also reported a worse health status than men, which is supported by studies in other countries (30) (31) (32) . The EQ-5D instrument distinguishes between the effects of education on health states. Higher education has a positive association with the HRQoL in the study sample. Among the sociodemographic characteristics, smoking status, hospitalization, and marital status did not make a significant contribution to the regression model to explain individuals' health state.
This study has several strengths and limitations. We are not able to judge the representativeness of the study sample for Iranian adults. The number of health states assigned to each interview might be insufficient to elicit entire preferences. Respondents valued a subset of 13 out of 43 health states. This process was time consuming and patients were reluctant to participate in a second interview. Hence, the sample size is remarkably larger than the sample sizes in studies conducted in France, the Netherlands, Italy etc.
A large number of the participants reported good health, i.e., no problems on any of the EQ-5D dimensions, which might be a valid representation of health status or might be caused by a ceiling effect. A ceiling effect may be caused by the insensitivity of instruments to the severity of health status (33) or culture differences (34), which are worthy of further exploration.
Conclusions
This study confirmed substantial differences between the Iranian population's health-related preferences and other countries. These differences between populations warrant the use of locally derived tariffs for preferencebased health measures. Researchers can apply the derived value sets to generate QALYs based on Iranian preferences.
